Background Successful treatment of pathologic femur fractures can preserve a patient's independence and quality of life. The choice of implant depends on several diseaseand patient-specific variables; however, its durability must generally match the patient's estimated life expectancy. Failures do occur, however, it is unclear which implants are associated with greater risk of failure. Questions/Purposes We evaluated patients with femoral metastases in whom implants failed to determine (1) the rate of reoperation; (2) the timing of and most common causes for failure; and (3) incidence of perioperative complications and death.
Introduction
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requirements posed by the lesion as well as the patient's estimated longevity [19] . Failure (reoperation) rates range from 3.1% to 42% for the few patients with cancer who survive more than 1 year after fixation for pathological fracture [16] [17] [18] . As more patients with skeletal metastases live longer [1, 14] , more implants are at risk for failure [19] . The causes for and treatment options available to failed cases have received some attention in the literature [11, 13, 16, 19] . However, these studies do not describe the subsequent course of these patients.
The purpose of this study was to evaluate patients with femoral metastases in whom constructs failed to determine (1) the rate of reoperation for any reason; (2) the timing of and most common causes for failure; and (3) incidence of other complications, not requiring surgery, and perioperative death.
Patients and Methods
From the prospectively collected Karolinska Skeletal Metastasis Registry, we identified 93 patients who underwent surgery for failed treatment of femoral metastases between 1990 and 2010. Five patients declined salvage reconstruction and underwent palliative amputations and were excluded, leaving 88 patients who underwent limb salvage procedures. The indications for repeat surgery were: (1) material failure; (2) implant malposition; (3) progression of disease, including local recurrence; and (4) a combination of these.
The contraindications were: (1) patients deemed too ill to undergo surgery; and (2) patients in whom death was imminent. However, during the study time, all patients were surgical candidates and no patients were treated nonoperatively. No patients were lost to followup. At the time of last followup, most (82) patients had died and the remainder were alive with disease, five patients died within the perioperative period, defined as within 4 weeks of surgery (two in the endoprosthesis [EP] group, one in the intramedullary nail [IMN] group, and two in the PLATE group). There were no intraoperative deaths. The minimum followup was 18 days (median, 8 months; interquartile range, 3-22 months). No patients were recalled specifically for this study; all data were obtained from medical records and radiographs. Ethical permission was not required to use these registry data.
The most common oncologic diagnoses were breast, kidney, and myeloma, and the majority of patients had generalized skeletal metastases ( Table 1 ). The type of salvage treatment was characterized by one of three general techniques. These included IMNs (n = 11), EPs (n = 61), and plate fixation (PLATE) (n = 16), which also included screw and side-plate devices. We compared age, sex, location within the femur, the type of initial, and final implant used ( Table 2 ). The proportion of perioperative deaths was similar (p = 0.32) across groups.
The index surgical procedure was performed at the Karolinska University Hospital in 49 patients, whereas 39 were referred after failure. All salvage procedures were performed at Karolinska University Hospital. At our center, we approached skeletal metastases of the femur in the manner(s) previously described [18] . Briefly, if en bloc resection was indicated, reconstruction was performed using a modular tumor prosthesis. Lesions confined to the femoral neck were treated with standard or long-stem hemiarthroplasty components. Most cases, however, underwent intralesional curettage before stabilization. We preferred to use antibiotic-impregnated polymethylmethacrylate cement, whenever possible, to augment the construct. A variety of implants and surgical techniques were used in these patients at the discretion of the treating surgeon. We preferred the following implants as a result of availability at our center. In the IMN group, unreamed, locked femoral nails or cephalomedullary devices (both Synthes Stratec Medical, Oberdorf, Switzerland) were used. When plate fixation was performed, a dynamic hip screw or limited contact dynamic compression plate (Synthes Stratec Medical) was used. For those who underwent EP replacement, the Austin Moore hemiarthroplasty (Corin Medical, Cirencester, UK), the Charnley (DePuy, Leeds, UK), and Spectron (Smith & Nephew, Memphis, TN, USA) hip prostheses were used. Modular tumor prostheses (METS; Stanmore, Middlesex UK, and HMRS; Stryker Nordic, Malmo, Sweden) were used after en bloc resections of the distal femur and in cases with massive bone destruction.
Postoperative radiotherapy was used routinely after the index surgical treatment of skeletal metastases; therefore, most patients in this study would have been treated, but detailed information regarding timing, dose, and location was not available in the current registry.
After surgery, patients were discharged from the hospital when clinically appropriate. Each was then seen (either at the Karolinska University Hospital or their referring hospital) at 6 weeks after surgery for physical and radiographic examination. Long-term followup was conducted at regular intervals in conjunction with the patient's regularly scheduled medical oncology visits in which radiographs were ordered if indicated. In addition, the orthopaedic team performed regular chart reviews to determine if and when patients had complications or required a reoperation.
Outcomes included surgical complications as classified by Dindo et al. [5] . The primary outcome was reoperation after salvage treatment (Grade IIIb). Secondary outcomes were perioperative death (Class V), defined as death within 1 month of surgery, other minor complications not requiring surgery or general anesthesia (Class I, II, or IIIa), and overall survival across treatment groups. We compared means between groups using the Mann-Whitney U test, because continuous variables (age, time to failure after salvage treatment, and the duration of followup) were not normally distributed. Proportions of categorical variables between groups were compared using Fisher's exact test for variables in which the expected frequency on contingency analysis was less than four (initial fixation method for index procedure, reoperations after salvage treatment) and the chi-square test for the balance of categorical variables (sex, location, and perioperative death). We used logistic regression to evaluate the effect of the type of implant on treatment failure (reoperation after salvage treatment) while controlling for possible confounding variables. We performed survival analysis, censored records at the date of last followup or death, then compared differences between groups using the log-rank assessment. We used JMPÓ Version 9.0.2 (SAS Institute, Inc, Cary, NC, USA) and two-tailed tests for all statistical analyses.
Results
Of the 88 patients requiring salvage treatment after failed reconstructions, 17 required reoperation ( Table 2) . The median age, duration of followup, and sex distribution were similar between groups. EPs were most commonly performed for proximal (neck, peri-and subtrochanteric) lesions; plate fixation was most commonly performed for distal femoral (metaphyseal and diaphyseal) lesions; and IMNs were performed most commonly in the diaphyseal and subtrochanteric regions. We found a difference (p \ 0.001) in the proportion of failures across treatment groups: EP (7%), IMN, (45%), and PLATE (50%) (Fig. 1) . There was no correlation between failure and the oncologic diagnosis (p = 0.7). Using logistic regression, we observed an effect of the salvage implant on treatment failure after controlling for age, diagnosis, and location (chi-square = 7.92, DF = 2, p = 0.019) Specifically, the EP group had a lower chance of treatment failure than the PLATE (OR, 0.10; 95% CI, \ 0.001 to 0.27) group. The observed odds ratios between EP and IMN and between IMN and PLATE with regard to treatment failure were 0.08 (0.01-1.11) and 0.13 (0.006-2.17), respectively. Failure occurred at a median time of 10 months (interquartile range, 2-14) from the time of salvage surgery. The most common cause for reoperation was material failure (n = 15) followed by local progression of tumor (n = 1) and a combination of these (n = 1). Failures were most common in the diaphysis (n = 8) followed by subtrochanteric (n = 5), peritrochanteric (n = 2), and distal femoral (n = 2). There were no failures after salvage in the femoral neck region. There were no reoperations for dislocations or infections and no pathologic fractures.
Seventeen patients had perioperative complications that did not require surgery. These included dislocation (n = 6), superficial wound infections (n = 8) as well as systemic (medical) illness (n = 2) or a combination of these (n = 1). The proportion of perioperative complications was higher (p = 0.04) in the EP group.
Discussion
Surgical treatment of femoral metastases can be highly successful in terms of pain relief, maintenance of function, and quality of life. Ideally, implants used should be sufficiently durable to outlast the patient. However, patients with cancer are surviving longer, largely as a result of more effective surgical and adjuvant treatment strategies. The result is a growing population of patients whose femoral implants are at risk for failure. With this in mind, we sought to evaluate patients with femoral metastases in whom constructs failed to determine (1) the rate of reoperation for any reason; (2) the timing of and most common causes for failure; and (3) incidence of other complications, not requiring surgery, and perioperative death.
Readers should be aware of the limitations of our study. First, our review, although retrospective, was performed using a large, prospectively collected registry. In an effort to minimize selection bias, no patient was excluded from analysis. Second, because all salvage surgery was performed at a single institution, by one of nine surgeons, referral, treatment, and institutional biases exist, particularly when one considers the subjective, surgeon-specific component implant selection. As such, these findings may not be applicable to other centers with differing referral bases and treatment philosophies. Nevertheless, the surgical indications for these procedures were quite clear. Third, information regarding the use and timing of radiotherapy was not available nor were data regarding pain relief, We observed a fairly low reoperation rate after salvage of failed femoral implants. Specifically, only four of 61 patients in the EP group required reoperation. Endoprosthetic reconstruction is reportedly more durable than other treatment methods during the initial treatment of femoral metastases [16, 19] , although few have described results of salvage treatment in this setting. A notable exception is an article by Jacofsky et al. [8] , who reported the results of salvage arthroplasty for failed proximal femoral lesions. The authors reported 90% implant survivorship at 5 years; however, their results apply only to the proximal femur. Our data regarding implant survivorship are comparable, because we observed only two failures in this location (at or proximal to the peritrochanteric region) during the study period. In the EP group, considering all locations within the femur, we observed 85% (95% CI, 62%-94%) survivorship at 5 years, further highlighting the durability of endoprosthetic reconstruction in this patient population.
We observed a median time to failure of 10 months from the time of salvage surgery. This is similar to the results published by Jacofsky et al. [8] , who stated ''all reoperations occurred within 1 year of the [salvage] procedure.'' The authors did not report a median time to failure or perform Kaplan-Meier analysis. Although the observed proportion of failures was much higher, we observed a relatively long median time to failure of 12 months in the IMN group compared with 7 months in the EP group. These results are similar to those previously reported, by our group and others [13, 16] , in the primary (not salvage) setting. As such, given the relatively long time to failure, IMNs may be sufficiently durable and, as such, be an acceptable alternative to EP in selected patients with short life expectancies. With this in mind, we observed the expected association between postoperative survival and oncologic diagnosis when grouped in a manner previously described [6] . In the context of diagnoses encountered in this study, breast, renal, myeloma, and prostate (diagnosis Group III) were associated with a median survival of 10 months (interquartile range 4-29) compared with lung (diagnosis Group I) and others (diagnosis Group II) that were associated with 3 months (2-5) and 3 months (2-21), respectively ( Table 1) .
The rate of perioperative complications was highest in the EP group. Six dislocations (10%) were all treated with closed reduction (Class IIIa). The observed dislocation rate is slightly higher than previously reported 0% to 7% [3, 9, 12, 16, 17] ; however, the reported values were after initial and not salvage treatment of femoral lesions and included a subset of patients also treated for primary as opposed to metastatic disease. The dislocation rate in the revision or salvage setting is generally higher even in the nonmetastatic setting [15] . All eight perioperative infections occurred in the EP group and were treated conservatively with antibiotic suppression. There was only one deep infection necessitating débridement without removal of the implant (Class IIIb). The observed infection rate is comparable with several published series in which the overall infection rate was reported as 1% to 10% [8, 17, 19, 20] . We believe local delivery of antibiotics is important to mitigate the risk of infection in these patients.
The majority of these salvage procedures was performed at the end of life. This is evidenced by a median overall survival after surgery of only 8 months (interquartile range, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Although there were no intraoperative deaths, five patients died during the perioperative period within 30 days of surgery (Fig. 2) . When one considers the goal of treating patients with skeletal metastases is to relieve pain and preserve function (and thus quality of life) for the greatest amount of time, careful attention must be paid to each patient's estimated survival [19] . Endoprosthetic replacement is reportedly more durable [16, 18] ; however, less invasive techniques have value. This is especially true in the sick patient in which operative time, blood loss, physiological insult, and rehabilitation requirements should be minimized. As such, we believe that methods to estimate life expectancy in these patients should be used whenever possible [2, 6, 10] . Our data support the use of EPs as a salvage treatment, even at the end of life. With these observations in mind, surgeons must continue to balance the risk of perioperative complications with the benefits that are predicated on each patient's estimated life expectancy and functional goals. There remains little question regarding the durability of endoprostheses; however, future studies should focus on pain relief, functional status, and quality of life, which are also major considerations in these patients.
